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,Q FXUUHQW VWXG\ WKH RLO VKDOH DVK FRQVLVWLQJ IUHH OLPH KDYH EHHQ FRQVLGHUHG DV D VRXUFH RI &D  LQ WKH SUHFLSLWDWHG FDOFLXP
FDUERQDWH 3&& SURGXFWLRQ ,Q FRQQHFWLRQ ZLWK WKLV DSSURDFK  D VHW RI ODERUDWRU\ H[SHULPHQWV ZDV FDUULHG RXW LQ RUGHU WR
LQYHVWLJDWHWKHOHDFK LELOLW\ G\QDPLFV DQG HTXLOLEULXP RI WKHPDLQ LRQV IURP RLO VKDOH DVKHV IRUPHG LQ ERLOHUV RSHUDWLQJ ZLWK
GLIIHUHQW FRPEXVWLRQ WHFKQRORJLHV 7KH PDLQFKDUDFWHULVWLFVRI &D  GLVWULEXWLRQEHWZHHQSKDVHV  KDYH EHHQ HVWDEOLVKHG XVLQJ
GLIIHUHQWDVKZDWHUVXVSHQVLRQUDWLRV DQGGLIIXVLRQFRHIILFLHQWVGHWHUPLQHG 7KHHIIHFWRI W HPSHUDWXUH RQ WKH&D HTXLOLEULXP
FRQFHQWUDWLRQZDVLQYHVWLJDWHG 'DWDFROOHFWHGVHUYHGDVEDVLVIRU PRGHOLQJ RIWKH HTXLOLEULXPDQGG\QDPLFV RIOHDFKLQJRI&D
LRQV

.H\ZRUGV2LOVKDOHDVKVROLGZDVWHSUHFLSLWDWHGFDOFLXPFDUERQDWH&DLRQV PLQHUDOL]DWLRQ OHDFKLELOLW\ HTXLOLEULXP G\QDPLFV 
,QWURGXFWLRQ
7KH XVH RI RLO VKDOH DV D IXHO IRU SRZHU SODQW V LV FRPPRQ LQ&KLQD *HUP DQ\ DQG (VWRQLD3 RZHUSURGXFWLRQ
EDVHG RQ RLO VKDOH FRPEXVWLRQ LV  KRZHYHU  DFFRPSDQLHG E\ KLJK&2HPLVVLRQVDQGE\ WKH IRUPDWLRQRIDONDOLQH
ZDVWH DVK  > @ ,Q WKH PRGHUQ ZRUOG HQYLURQPHQWDO SURWHFWLRQ LVVXHV VXEVWDQWLDOO\ LQIOXHQFH WKH HQHUJ\ VH FWRU
PDNLQJ WKH DERYH PHQWLRQHG SUREOHPV SDUWLFXODUO\ UHOHYDQW LQ (VWRQLD ZKHUH RYHU  >@ RI WKH EDVLF SRZHU
VXSSO\ LV SURYLGHG E\ RLO VKDOH ILUHG WKHUPDO SRZHU SODQWV 3RZHU SODQWV DUH WKH ELJJHVW SROOXWHUV LQ (VWRQLD
HPLWWLQJDQQXDOO\WKRXVDQGVRI WRQVRIJDVHRXVDGGLWLYHVLQWR WKH DWPRVSKHUH DQG FRQWDPLQDWLQJ WKH ODQGVFDSH ZLWK
DONDOLQHSROOXWDQWV  >@  $OVR(VWRQLDQRLOVKDOHLVFKDUDFWHUL]HGE\ D KLJKFRQWHQWRIPLQHUDOPDWWHUZKLFK OHDGV WR
WKH IRUPDWLRQRI ODUJH DPRXQWVRIDVK GXULQJ WKH FRPEXVWLRQSURFHVV  ZKLFK PDNHV LW KLJKO\ GHVLUDEOH WR GHYHORS
HIIHFWLYHXVDJHRIWKLVZDVWH 
2LOVKDOHHQHUJHWLFLVDOVRWKHPDLQVRXUFHRI&2HPLVVLRQVLQ(VWRQLD,Q RLOVKDOHDFURVVDOOVHFWRUVRIWKH
HFRQRP\ZDV UHVSRQVLEOH IRU DERXW RI WRWDO (VWRQLDQHQHUJ\ UHODW HG&2HPLVVLRQV >@ ,QWKLVDVSHFWD QHZ

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 $XWKRUQDPH (QHUJ\3URFHGLD  ±
GLUHFWLRQLQUHGXFLQJ WKH QHJDWLYHHQYLURQPHQWDOLPSDFW RIHPLVVLRQV LV&2PLQHUDOL]DWLRQZKLFK LV EDVHG RQWKH
&2 ELQGLQJ FDSDFLW\ RI RLO VKDOH DVKHV DQG LWVZDWHU VXVSHQVLRQ > @ $Q DGYDQWDJH RI WKLV SURFHVV LV QRW RQO\
DEDWHPHQWRI &2 HPLVVLRQVEXWDOVR WKHSRVVLELOLW\RIWKH XWLOL]DWLRQRI RLO VKDOHZDVWH DVK IRU 3&&SURGXFWLRQ 
3URGXFWLRQRIQHZPDWHULDOVIURPRLOVKDOHDVKKHOSVWRUHGXFHWKHDVKDPRXQWWREHGHSRVLWHGDVZHOODV  UHGXFH LWV
HQYLURQPHQWDOLPSDFWDQGJLYHVH[WUDYDOXHWRWKHFRPEXVWLRQSURGXFW 
$VKIURPRLOVKDOHSRZHUVWDWLRQVFRQWDLQV RI&DR[LGHVLQFOXGLQJIUHH&D2XS WRZW > @ $QG
WKHUHIRUHWKHVHSDUDWLRQ RIIUHHOLPHIURPRLOVKDOHDVKDQGLW VDSSOLFDWLRQLQ3&&SURGXFWLRQLV RISDUWLFXO DULQWHUHVW 
$OWKRXJK WKH FDUERQDWLRQ RI OLPH LV ZHOO NQRZQ >@  GDWD DERXW WKH VSHFLILF FKDUDFWHULVWLFV RI WKH FDUERQDWLRQ
SURFHVV RI IUHH OLPH LQ RLO VKDOH DVK DQG RI LWV UHDFWLYLW\ WRZDUGV &2 DUH LQFRPSOHWH 7KH ODWWHU GHSHQGV RQ WKH
FKHPLFDO FRPSRVLWLRQ DQG SK\VLFDO SURSHUWLHV RI WKH DVK DV ZHOO DV RQ WKH FRQGLWLRQV RI WKH KHWHURJHQHRXV
LQWHUDFWLRQRI WKH DVK ZLWK &2 )URPPXOWLSOH >  @ VWXGLHV LW LV NQRZQ WKDW WKHPDLQ SDUW RI WKH OLPH LQ RLO
VKDOHDVK FDQEH QHXWUDOL]HG E\&2IURPIOXHJDVHVZLWK WKH IRUPDWLRQRIFDOFLXPFDUERQDWH3URGXFWLRQRI3&& 
IURPOLPH LQYROYHVGLVVROYLQJ WKH&DLRQVGLIIXVLRQRI&D LRQVLQWR WKH VROXWLRQFRQFHQWUDWLQJWKHOLPHPLONDQG
SUHFLSLWDWLRQXQGHUFRQWUROOHGPL[LQJ DQG WHPSHUDWXUH FRQGLWLRQV %HIRUHWKLVW\SHRISURFHVVFDQEHDSSOLHGRQDQ
LQGXVWULDOVFDOHEDVLFDQGDSSOLHGUHVHDUFKPXVWEHFDUULHGRXWWRIXOO\XQGHUVWDQGWKHPHFKDQLVPVLQYROYHG 
6LQFHDFFHVVLELOLW\RIIUHH &D2IURPDVKHVLVHVVHQWLDOIRU WKH FDUERQDWLRQSURFHVVWRWDNHSODFHGLIIXVLRQRI &D 
LRQVLQWR DVROXWLRQLVWKHSULPDU\VWDJH&RQVHTXHQWO\ OHDFKLELOLW\RIRWKHUNH\LRQVDQGWKHHIIHFWRIWHPSHUDWXUH
RQWKH &D  HTXLOLEULXP FRQFHQWUDWLRQ DUH RI LPSRUWDQFH DQG IRU WKLV UHDVRQ DVHWRI ODERUDWRU\ H[SHULPHQWV ZDV
FDUULHGRXWLQRUGHUWRLQYHVWLJDWH WKH OHDFKLELOLW\G\QDPLFVDQGHTXLOLEULXPRI&DDQGDFFRPSDQ\LQJ LRQV IURP RLO
VKDOH DVKHV IRUPHG LQ ERLOHUV RSHUDWLQJ ZLWK GLIIHUHQW FRPEXVWLRQ WHFKQRORJLHV 0DWKHPDWLFDO WDVN VRI WKH SUHVHQ W
ZRUN LQFOXGHG GHYHORSPHQW RI PRGHOV IRU WKH GHVFULSWLRQ RI &D  HTXLOLEULXP GLVWULEXWLRQ EHWZHHQ SKDVHV  DQG




7KHDVKHV VWXGLHGZHUHIRUPHG LQERLOHUVRSHUDWLQJ ZLWK GLIIHUHQWFRPEXVWLRQWHFKQRORJLHV 7KH DVKHV DQG DVK 
PL[HV ZHUH FROOHFWHGIURPGLIIHUHQWSRLQWVRISXOYHUL]HGILULQJ3)  RU IOXLGL]HGEHG FRPEXVWLRQ )%& ERLOHUVDW
(VWRQLDQSRZHUSODQWV 7KHPDLQFKDUDFWHULVWLFV RIDVKHVDQG WKH DYHUDJHFRQWHQW RIWKHEDVLF HOHPHQWVDUH SUHVHQWHG
LQ7DEOH DQG UHVSHFWLYHO\  6ROLG PDWHULDO FRPSRVLWLRQ ZDV GHWHUP LQHG E\ ,5,6 ,QWUHSLG ,, ,QGXFWLYH &RXSOHG
3ODVPD6SHFWURPHWHU 7KHUPR(OHFWURQ&RUS RUDWLRQVRIWZDUH7(9$WKHUPR HOHPHQWDO YDOLGDWHG DQDO\VLV 6 ROLG
PDWHULDO ZDV LQLWLDOO\ GLVVROYHG LQ  QLWULF DFLG LQ D SUHWUHDWPHQW PRGXOH *:% 3UHVVXUL]HG 0LFURZDYH
'HFRPSRVLWLRQ 3DUWLFOH VL]H GLVWULEXWLRQ ZDVPHDVXUHG E\ /6 0XOWL :DYHOHQJWK 3DUWLFOH 6L]H $QDO\]HU
ZLWK$TXHRXV/LTXLG0RGXOH6\VWHP%HFNPDQ&RXOWHU0LDPL)ORULGD XVLQJHWKDQROVROXWLRQ 
7DEOH7KHPDLQFKDUDFWHULVWLFV RIRLO VKDOHDV KHV
3)DVK  &D2WRWDO  &D2IUHH  &2  3DUWLFOHPHDQGLDPHWHUȝP
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7DEOH $YHUDJHFRQWHQWRIWKHEDVLF HOHPHQWVSUHVHQWLQRLOVKDOHDVK 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 $XWKRUQDPH (QHUJ\3URFHGLD  ±  
([SHULPHQWV ZHUH FDUULHG RXW LQ D ODERUDWRU\VFDOH EDWFK UHDFWRU XVLQJ DVKPLOOLSRUH ZDWHU VXVSHQVLRQV E\
YDU\LQJ VROLGOLTXLGPDVV UDWLRV IURP  WR  6XVSHQVLRQVZHUHPL[HG DW IL[HG WHPSHUDWXUH GXULQJ 
PLQXWHV GHSHQGLQJ RQ WKH REMHFWLYH 6DPSOHV ZHUH WDNHQ ZLWK D V\ULQJH DQG ILOWHUHGȝP 0DLQ SDUDPHWHUV
PHDVXUHG LQ ILOWUDWH j  PO ZHUH S+ 3UHFLVD S+  7'6 WRWDO GLVVROYHG VROLGV FRQGXFWLYLW\ +,
0LFURSURFHVVRU%HQFK&RQGXFWLYLW\7'61D&O)HUWLOL]HU&)PHWHU ZLWK 56  &D.1D0Q0J$O )H
VHYHUDO KHDY\ PHWDOV ,&3 7HUPR ,5,6 ,QWUHSLG ,, ;'/ 62 ,RQ FKURPDWRJUDSK 'LRQH[ ';&RPSXWHU




3UHOLPLQDU\ H[SHULPHQWV ZLWK GLIIHUHQW DVK W\SHV VKRZHG FKDQJHVRI &D 62DQG 6 LRQ FRQFHQWUDWLRQ LQ
WHUPVRIPLOOLSRUHZDWHU LQWKHILUVWPLQXWHV%DVHGRQSUHOLPLQDU\GDWD DQGPLQXWHSHULRGVZHUH
VHOHFWHG IRU PRUH GHWDLOHG LQYHVWLJDWLRQ ([SHULPHQWV ZHUH FDUULHG RXW  DW URRP WHPSHUDWXUH  § & ZLWK DQ
DVKPLOOLSRUHZDWHUPDVVUDWLR RI 
([SHULPHQWVZLWKERWKW\SHVRIDVKVKRZHGWKDWPLOOLSRUHZDWHU S+LQF UHDVHG UDSLGO\IURP WR )LJXUH 






   
)LJXUH &KDQJLQJG\QDPLFVRI S+D DQG7'6 E YDOXHVDQGFRQFHQWUDWLRQFXUYHVRI&D F 62G DQG62H LRQVGXULQJZDWHU
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 $XWKRUQDPH (QHUJ\3URFHGLD  ±
&D  LRQ HTXLOLEULXP FRQFHQWUDWLRQ a PJ/ GHSHQGLQJ RQ WHPSHUDWXUH LV UHDFKHG UDSLGO\ GXULQJ WKH ILUVW
PLQXWHRIRLOVKDOHDVKZDWHU FRQWDFW )LJXUH F ([WHQGLQJ WKH FRQWDFW WLPH E\ D IHZPLQXWHV UHVXOWHG LQD ERXW
WZRWLPHVKLJKVXSHUVDWXUDWLRQRI WKH VROXWLRQZLWK&D LRQV3)±PJ/3) ±PJ/)%& ±PJ/
)%&±PJ/ 7KLVILQGLQJ LV DQ LPSRUWDQWSRVLWLYHRXWFRP HLQWKHFRQWH[WRIWKH3&&SURGXFWLRQSURFHVV 
$OWKRXJKWKHUHZDVQRVLJQLILFDQW GLIIHUHQFHLQWKH&D FRQFHQWUDWLRQLQILOWUDWH IURPGLIIHUHQWNLQGVRIDVKHVD
VOLJKWO\ORZHU&D FRQFHQWUDWLRQ PJ/ LQFDVHRIFRDUVH3)DVKZDVREVHUYHG ZKLFK LQGLFDWHV WKHLQIOXHQFH
RIDVKSDUWLFOHVL]HRQ &D GLIIXVLRQH[WHQWLQWR WKH VROXWLRQLQ DEDWFKUHDFWRU 
)RUERWKDVKW\SHV WKH FRQFHQWUDWLRQFXUYHRI62LRQV)LJXUHGUHDFKHG LWVPD[LPXPGXULQJ D WLPHVSDQRI
PLQXWHVDQGWKHQVWDUWHGWRGHFUHDVH$SUHVHQFHRI6LRQV LQ VPDOOFRQFHQWUDWLRQV ZDVGHWHFWHGLQ WKH ILOWUDW H
DIWHUPLQXWHVRIFRQWDFWWLPH§PJ/IRUVDPSOHV3)DQG)%&DQG §PJ/ IRUVDPSOHV3)DQG)%& 
62FRQWHQWLQ WKH ILOWUDWHLQFUHDVHGFRQWLQXRXVO\WKURXJK OHDFKLELOLW\SURFHVV )LJXUHH 
$V WKH HQYLURQPHQWDO LPSDFW RI DVK GLVSRVDO V\V WHPV DW RLO VKDOH FRPEXVWLRQ IDFLOLWLHV LV RI SDUWLFXO DULQWHUHVW 
QRZDGD\VLWLVLPSRUWDQWWRNQRZZKLFKFRPSRXQGVFRXOGEHUHOHDVHGWRWKHHQYLURQPHQW+RZHYHUGDWDIURPWKH
OLWHUDWXUH DERXWWKH OHDFKLQJ RIRLO VKDOHDVKHVDUH VFDUFH,QRUGHUWRLQYHVW LJDWH WKHPRELOLW\RINH\LRQVDQGWR[LF
PHWDOVIURPRLOVKDOHDVKHVDIWHUORQJHUSHULRGVRIFRQWDFW  ZLWK ZDWHU DGGLWLRQDO H[SHULPHQWVZHUH FRQGXFWHGZLWK
VHYHUDO RLO VKDOH DVKHV 3) 3) )%& XVLQJ DQ DVKZDWHU UDWLR RI  $ TXDQWLWDWLYH HVWLPDWLRQ RI DZLGH
VSHFWUXPRILRQVLQFO &D.0J0Q)H1D6L$O DQGVHYHUDOKHDY\PHWDOV &G&R&U&X1L3E9=Q LQ
ILQDO IOXLGZDVFRQGXFWHGDIWHU OHWWLQJ WKHH[SHULPHQWJR WRHTXLOLEULXPLQ WHUPVRIRYHUDOORLO VKDOHDVK OHDFKLELOLW\
DSSUR[LPDWHO\  KRXUV  
7KH UHVXOWV 7DEOH  VKRZHG WKDW DIWHU FDOFLXP . LV WKH VHFRQG ELJJHVW FDWLRQ SUHVHQW LQ WKH ILOWUDWH 
PJ/2WKHULGHQWLILHGLRQVLQFOXGH1D PJ/$O PJ/DQG 6LPJ/ ,RQVOLNH)H0J0Q ZHUH
QRWSUHVHQW LQ WKH ILOWUDWH
7DEOH&RQFHQWUDWLRQRILRQVLQWKH ILQDOIOXLGDIWHU KFRQWDFW 
$VKVDPSOHQDPH  &D . 1D 6L $O )H0J0Q &R &U &X1L3E9=Q&G  62
 PJ/
3)      
3)   

  )%&       

7KHPDLQDQLRQIRXQGLQ WKH ILOWUDWHZDV 62 PJ/$Q LPSRUWDQWGLVFRYHU\IURP DQHQYLURQPHQW DO
SRLQWRIYLHZLVWKHIDFWWKDW QRWUDFHRIKHDY\PHWDOV ZDV GHWHFWHG LQDQ\RIWKHVWXGLHGDVKVXVSHQVLRQILOWUDWHVDIWHU
KRXUFRQWDFW  
(TXLOLEULXPGLVWULEXWLRQRI&DEHWZHHQSKDVHV 
%\ YDU\LQJ  DVKPLOOLSRUH ZDWHU VXVSHQVLRQVPDVV UDWLRV IURP  WR  DQG OHWWLQJ WKH H[SHULPHQW LQ D
VWLUUHGEDWFKJRWRHTXLOLEULXP LQWHUPVRIRYHUDOORLOVKDOHDVKOHDFKLELOLW\ DSSUR[LPDWHO\KRXUV&DHTXLOLEULXP
FRQFHQWUDWLRQ LQ WKHILQDO OLTXLG SKDVH FZDVREWDLQHG  IRUWZRDVKVDPSOHVZLWK&DFRQWHQWRIDQGPJJRI
DVKLQ3)DQG)%&DVKUHVSHFWLYHO\ 7DEOH
7KHHTXLOLEULXPOHDFKLELOLW\FXUYHVRI WKH&D DVK ZDWHU GLVWULEXWLRQZHUH H[SUHVVHGDV WKH HTXDWLRQ
T $% F&F  
ZKHUHFRHIILFLHQWV $%& DUHHYDOXDWHGE\ HTXLOLEULXP H[SHULPHQWV 7R FDOFXODWH WKH HTXLOLEULXP FRQFHQWUDWLRQ
RI &DLQDVK TXQLWLQPDVVPDVVRIDVK7DEOH WKH IROORZLQJPDVVEDODQFHZDVXVHG
:T  9F:T  
ZKHUH9±YROXPHRIOLTXLG:±PDVV RIDVK LQ WKH EHJLQQLQJ RIWKHH[SHULPHQW TLQLWLDOFRQFHQWUDWLRQR I&D
LQDVKXQLWPDVVPDVVRIDVK F±HTXLOLEULXPFRQFHQWUDWLRQRI &DLQZDWHUPDVVYROXP HRIZDWHU: ±PDVVRIDVK
DWWKHHQGRIH[SHULPHQW ,WVKRXOGEHSRLQWHGRXWWKDW WKHPDVVRIDVK LVFRQVLGHUHGWREHGHJUHDVLQJE\WKHDPRXQW
RI &D2GLVVROYLQJLQWRZDWHU 

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 $XWKRUQDPH (QHUJ\3URFHGLD  ±  
7DEOH&D HTXLOLEULXPFRQFH QWUDWLRQLQWKHILQDOOLTXLGDQGVROLGSKDVHV
 3)DVK3) )%&DVK )%&
$VKZDWHU UDWLR FJ/  TJ&DJRIDVK  FJ/  TJ&DJRIDVK 
    
    
    
   
    
    
    
    

7KHHTXLOLEULXPOHDFKLELOLW\FXUYHVRI&D DVK ZDWHUGLVWULEXWLRQ )LJXUH FDQEHSUHVHQWHG E\WKH IROORZLQJ
HTXDWLRQV
=3)T  FF 
= %&)T  FF  






















)LJXUH (TXLOLEULXP OHDFKLELOLW\ FXUYHV RI&DDVKZDWHUGLVWULEXWLRQIRU3) 3)DQG)%& )%&DVKHV 
,QOHDFKLQJRI&DRXWIUR PDVK WKHFRQFHQWUDWLRQ TLQV LQWHUVHFWLRQRIHTXLOLEULXPOLQH ZLWKTD[HV FRUUHVSRQG V 
WR WKH LQVROXEOH SDUW RI &DLQ WKH DVK IURPHT DQG  DQG  JJ RI DVK IRU 3) DQG )%& DVKHV
UHVSHFWLYHO\WKHFRUUHVSRQGLQJYDOXHRI&D2LVTLQVE\PRODUPDVVHVRI&D DQG&D2 ,QDGGLWLRQHTXDWLRQ 
&D2IUHH TTLQV   
VKRXOGFRUUHVSRQG  WR IUHH&D2 LQDVK7KHUHIRUHIRU)%&DVKHT JLYHVD UHVXOWRI J&D2IUHHJRIDVK
RU ZW ZKLOH WKH FRUUHVSRQGLQJDQDO\WLFDOO\PHDVXUHGYDOXH LVDERXW7DEOH 
,W FDQ EH FRQFOXGHG WKDW WKH DERYH GHVFULEHG DSSURDFK ZRUNV  TXLWH ZHOO DQG FROOHFWHG GDWD FDQ EH XVHG IRU
VLPXODWLRQRISURFHVVHVRIOHDFKLQJGLVVRFLDWLRQRI &D LRQV 
7KHHIIHFWRIWHPSHUDWXUHRQWKH &D HTXLOLEULXPFRQFHQWUDWLRQ 
$ 3) ERWWRP DVK 3)  ZDV VHOHFWHG DV WKH LQLWLDO PDWHULDO LQ WKH WHPSHUDWXUH HIIHFW VWXGLHV  RQ WKH &D 
HTXLOLEULXP FRQFHQWUDWLRQ  DIWHU K FRQWDFW EHFDXVH RI LWV KLJKHU &D2IUHH FRQWHQW § 7KH DVK VXVSHQVLRQ 
WHPSHUDWXUHYDULDWLRQUDQJH ZDVIURPWR& 
$VH[SHFWHG  OHDFKLELOLW\ LV JUHDWHU DW KLJKHU WHPSHUDWXUH DV FRQGXFWLYLW\ LQFUHDVHV ZLWK WHPSHUDWXUH LQFUHDVH
7DEOH  ,Q WHUPVRI &D KRZHYHU LQFUHDVLQJ WHPSHUDWXUH FDXVHV D GHFOLQHLQ WKH &D HTXLOLEULXP FRQFHQWUDWLRQ 
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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 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  7KHRUHWLFDOPD[     

%DVHG RQ  WKH UHVXOW V 7DEOH  WKHUH ZDV QR VLJQLILFDQW WHPSHUDWXUH HIIHFW RQ WKH &D FRQWHQW  ZKHQ WKH DVK
VXVSHQVLRQUDWLRVDQGZHUHXVHG+RZHYHUXVHRIPRUHFRQFHQWUDWHGDVK VXVSHQVLRQV DQG 
VKRZHGD QRWLFHDEOH WHPSHUDWXUH HIIHFW ,Q WKH ODVW  FDVH FRQGXFWLQJ &DGLVVROXWLRQ EHORZ RUDW URRP WHPSHUDWXUH
& KDG SUDFWLFDOO\ QRHIIH FWRQWKH&DHTXLOLEULXP FRQFHQWUDWLRQYDOXHLQWKHILQDO VROXWLRQ DERXWDQG
PJ&D/ IRU UDWLRV  DQG  UHVSHFWLYHO\ LQFUHDVLQJ WKH VXVSHQVLRQ WHPSHUDWXUH IURP  WR  &
UHVXOWHG KRZHYHU LQ D &D FRQWHQW GHFOLQH E\ PJ/$W & WKH &D HTXLOLEULXP FRQFHQWUDWLRQ ZDV RQO\
DERXW PJ/ORZHU WKDQWKDWDWURRPWHPSHUDWXUH7KHUHIRUHIDYRUDEOHFRQGLWLRQVIRUEDWFKGLVVROXWLRQRIDVK
FRXOGEHDFKLHYHGDWURRPWHPSHUDWXUHZKLFKVLPSOLILHVWKHILUVWVWDJHRI 3&&SURGXFWLRQSURFH VV
'HWHUPLQDWLRQRIHIIHFWL YHGLIIXVLRQ FRHIILFLHQW LQVROLGSKDVH'V
7KHG\QDPLFV RIOHDFKLQJGLVVROYLQJRIFDOFLXPIURPDVKLQYROYHVDUDWHFRQWUROOLQJVWHSRIPDVVWUDQVIHULQVLGH
DQDVK VSKHULFDO SDUWLFOH7KH HTXDWLRQ GHVFULELQJ KRPRJHQHRXV GLIIXVLRQLQDVSKHUHDVVXPLQJDFRQVWDQW HIIHFWLYH













   

)LJXUH/HDFKLQJRI &D IURPDQRLOVKDOHDVKSDUWLFOH  
)RUDVKOHDFKLQJWKH&DFRQFHQWUDWLRQLQDV KTLQHT DQGODWHU TLVLQJUDPVSHUYROXPHRIDVK 
$V DVROXWLRQRIHT &UDQN > @GHYHORSHG WKH IROORZLQJ DQDO\WLFDO HTXDWLRQ IRU WKH DYHUDJH FRQFHQWUDWLRQ LQ
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7KXVDSORWRI WT TYVWKHVTXDUHURRWRIWLPHVKRXOGJLYHDVWUDLJKWOLQHRIVORSHN 
N 'Vπ5  
IURPZKLFK'VFDQEHGHWHUPLQHG 
%DVHGRQWKH DERYHWKHRUHWLFDOFRQVLGHUDWLRQVDQGFDOFXODWLRQV  WKH YDOXHVRIWKHVROXWH&D FRQFHQWUDWLRQ FW LQ 
WKHOLTXLGYVWLPH LQVWLUUHG EDWFKOHDFKLQJH[SHULPHQWV ZLWK DVKZDWHUPDVVUDWLRR IDQG IRU3) 3)
J&DJRIDVKȡV JFP  DVZHOODVDQG IRU)%&)%&J &DJRIDVK ȡV JFP 
DVKZHUHGHWHUPLQHG 




9FWT:WT −=   
ZKHUH TR LV WKH LQLWLDO VROLGSKDVH FR QFHQWUDWLRQ FW DQG T W DUH WKH YDOXHV RI WKH OLTXLG DQG VROLG SKDVH
FRQFHQWUDWLRQV DW DQ\ ODWHU WLPH 9 LVWKHOLTXLGYROXPH: LV WKHPDVVRIVROLGPDWHULDO 9VLVWKHYROXPHRIVROLG
PDWHULDO 7KHO DVW YROXPH LV FDOFXODWHG E\PDVVRIVROLG :ȡ6ZKHUHȡV LVWKHGHQVLW\RIDVK 7KHYDOXHRIT∞LV
REWDLQHG IURP WKH VDPHPDVV EDODQFH E\ OHWWLQJ WKH H[SHULPHQW JR WR HTXLOLEULXP DQGPHDVXULQJ WKH ILQDO OLTXLG 
SKDVHVROXWHFRQFHQWUDWLRQ(TXLOLEU LXPWLPH ZDVIRXQGWREH DERXWVHFRQGV K
$OWKRXJKRQHPXVW UXQDEDWFK OHDFKLQJH[SHULPHQW IRUD ORQJ WLPH LQRUGHU WRREWDLQ TRQO\VKRUW WLPHYDOXHV
DUH QHHGHG ZKHQ SORWWLQJ WT TYDOXHVYV WO )LJXUH   2YHU VXFK VKRUW WLPHV WKH DVVXPSWLRQ RI D FRQVWDQW































)LJXUH3OR WRI  WT TYVWKHVTXDUHURRWRIWLPH IRUGLIIHUHQWDVKHV 






RIVORSH NHT IURPZKLFK'V FDQ EHGHWHUPL QHG
 'Vπ5 ⇔ 'V π5 
ZKHUH5LVWKHSDUW LFOH DYHUDJHUDGLXVIURPVL]HGLVWULEXWLRQPHDVXUHPHQW 
7RHVWLPDWHWKH UHOLDELOLW\ RI WKH FDOFXODWHG HIIHFWLYHGLIIXVL RQFRHIILFLHQW YDOXHWKHH[SHULPHQWVZHUHSHUIRUPHG
ZLWKGLIIHUHQWDVKZDWHU UDWLRVDQG UHVXOWVDUH JLYHQLQ7DEOH IRUERWKDVKHVVWXGL HG

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&RQFOXVLRQV
7KHPDLQFKDUDFWHULVWLFVRI&D LRQOHDFKLELOLW\SURFHVVLQRLOVKDOHDVK ZDWHUVXVSHQVL RQVDVRIWKHILUVWVWHSRI
SURFHVVXWLOL]LQJRLO VKDOH IRU3&&SURGXFWLRQ KDYH EHHQ HVWDEOLVKHG0RELOLW\RIGLI IHUHQW DFFRPSDQ\LQJ HOHPHQWV
H[LVWLQJLQDVKZDVLQYHVWLJDWHGDQGTXDQWLWDWLYHHVWLPDWLRQRI WKHVROXELOLW\RI DZLGHVSHFWUXPRILRQV&D.1D
$O6L)H0J0Q6 62DQG 62 LQFOXGLQJ VHYHUDO KHDY\PHWDOV &R&U&X1L3E9=Q&G ZDVPDGH
7KHORZOHDFKLELOLW\RIKHDY\PHWDOVLQWKHVHFRQGLWLRQVKDVEHHQSURYHG 
7KH OHDFKLQJ HTXLOLEULXP HTXDWLRQV RI &D IRU ERWK W\SHV RI RLO VKDOH DVKHV ZHUH REWDLQHG R Q WKH EDVLVRI WKH
H[SHULPHQWV 7KH VLQJOH VSKHUH GLIIXVLRQPRGHO ZDV XVHG ZLWKGHWHUPLQDWLRQRI WKH HIIHFWLYH GLIIXVLRQ FRHIILFLHQW
FKDUDFWHUL]LQJ WKH OHDFKLQJ SURFHVV G\QDPLFV  RI &D 7KLV ZDV WKH ILUVW VWHS LQ PRGHOLQJ RI WKH ZKROH SURFHVV
VWDUWLQJZLWK&DOHDFKLQJWDNLQJLQWRDFFRXQW&2PDVVWUDQVIHUDQGILQLVKLQJZLWKFDOFLXPFDUERQDWHIRUPDWLRQ 
$FNQRZOHGJPHQWV 
7KHILQDQFLDOVXSSRUWRI&HQWUH IRU ,QWHUQDWLRQDO 0RELOLW\ )LQODQGDVZHOODVRI (VWRQLDQ6FLHQFH)RXQGDWLRQ 
*UDQW1RDQG 6&1DUYD3RZHU3ODQWV (VWRQL DLVKLJKO\DSSUHFLDWHG 
5HIHUHQFHV 
>@$2WV 2LO6KDOH)XHO&RPEXVWLRQ 7DOOLQQ8QLYHUVLW\ RI7HFKQRORJ\7DOOLQQ  
>@(QYLURQPHQWDO,VVXHV$VVRFLDWHGZLWK1DUYD3RZHU3ODQWV([HFXWLYH6XPPDU\ 1DUYD3RZHU(VWRQLD >:::@
KWWSZZZHEUGFRP SURMHFWVHLDVQDUYDSGI 5HWULHYHGRQ  
>@5.XXVLN 08LEX..LUVLPlH &KDUDFWHUL]DWLRQRIRLOVKDOHDVKHVIRUPHGDW LQGXVWULDOVFDOH&)%&ERLOHUV2LO6KDOH 6  

>@,5RRV2*DYULORYD *UHHQKRXVHJDVHPLVVLRQVLQ(VWRQLD ±1DWLRQDO,QYHQWRU\5H SRUWWRWKH81)&&&6HFUHWDULDW 
>:::@KWWSZZZHQYLUHHNOLLPDILOHVF SGI 5HWULHYHGRQ  
>@0 .DDVLN7$OOLNVDDU- ,YDVN- /RRVDDU 6SKHULFDOIO\DVKSDUWLFOHVIURPRLOVKDOHILUHGSRZHUSODQWV LQDWPRVSKHULFSUHFLSLWDWLRQV
3RVVLELOLWLHV RI TXDQWLWDWLYH WUDFLQJ2LO6KDOH 6 
>@-03XQQLQJ $.DULQGL&RPSRVLWLRQRI(VWRQLDQDWPRVSKHUH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>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